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Introduction

• Top-quark and Higgs-boson are the two main features at the ILC

These are already known to exist.

For these topics, it is very important to study 

and prepare what can be probed at the ILC.

• Top-quark physics: 

Especially, precision measurement 

of the mass is important for

Elias-Miro etal, PLB709,222

� electroweak precision tests 

� stability of the EW vacuum

� possible window to new physics (yt~1)

to disentangle the evidence of physics BSM.
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Introduction

• Mass determination:

(TeV 8.7 fb-1)

(LHC 4.9 fb-1)

(short distance mass),
easily converted to the MSbar mass

large syst. error due to mainly the Jet energy scale, 

definition of the mass unclear.

At the ILC, by performing threshold scan,
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Introduction

• Top-Yukawa measurements:

� Indirect:  ggH (LHC)

ttbar at threshold 

(ILC, /s=350GeV)

� Direct:    ttH (LHC, ILC /s>500GeV)

Indirect determination is not conclusive 

nor accurate, but able to check the consistency. 
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Introduction

http://www-jlc.kek.jp/subg/physics/ilcphys/• ILC Physics Subgroup

• GRACE Project (Minami-Tateya)

• Top-QCD theorists: Y.Sumino, Y.Kiyo,,,

Japanese contributions to the Top-quark and ILC Physics

http://www-sc.kek.jp/

?
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tth process at the ILC

dominated, proportional to yt
suppressed
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tth process at the ILC

• Signatures, using h → bb

(8j)

(6j+l)

• SM Backgrounds:

where (irreducible)

(large cross-section)
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tth process at the ILC
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Threshold correction

• At /s=500 GeV, threshold correction is large

The cross-section is enhanced by a factor of ~ 2, 
from the ttbar final-state interactions 
(bound-state effect).

Farrel, Hoang(05,06)

• ttZ background is also enhanced

by a factor ~ 2.
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Threshold correction

• Coordinate-space Green’s function at the origin

• Sum-over the ladder diagrams nonperturbatively in nonrelativistic region

• NRQCD formalism to refine O(αslnβ) corrections

Fadin,Khoze(87),,,

For differential cross-sections Sumino etal(93), Fujii etal(94), Sumino,HY (10),,,

• LO in (αs/β)n• Smooth connection to perturbative region

• Possible to put on event generators 
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Top-Yukawa measurement

• Simulation analysis :  

� Fast detector sim. / cut-based analysis 

� Full deector sim. / multivariate analysis

Yonamine etal. PRD84,014033

T.Tanabe etal

• Cuts

� Number of leptons (Isolation)

� Event shape (Thrust)

� Jet clustering (Durham exclusive jet algorithm)

� B-tagging (4 b-tagged jets)

� Top and Higgs mass reconstruction

(/s=500GeV with 1ab-1 and polarization (0.8, 0.3))
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• Jet clustering (Durham exclusive jet algorithm):

ij which gives the smallest Y are merged into one.

Continue until the number of jets is 6 or 8.

is useful to discriminate signal from tt BG.

• Jet combination is fixed by minimizing chi-square;
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• 6j + l

• 8j
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• 6j + l

• 8j

3.7σ for both modes
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/s = 1 TeV

• At 1TeV, signal increases (peak ~ 800GeV),

but BG decrease

• Bound-state effects negligible

• ILD and SiD full simulation ongoing

expect to improve the accuracy
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• Cut-based → Multivariate analysis:

• Summary of the Top-Yukawa measurements:  
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Theoretical uncertainty

Farrel, Hoang(05,06)

• Theoretical prediction has several % uncertainty due to the choice of 

renormalization scale. 

• It is a common problem for ttbar threshold physics (NNLL)

→ needs new idea or higher order?

• Might be improved at 1TeV where fixed-order correction is enough. 
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Summary

• Top-quark mass (or the Yukawa coupling) is an important input

to find the evidence of the physics beyond the SM.

• Yukawa coupling of the top-quark can be directly measured 

at tth production process.

• At /s=500GeV, threshold correction enhance the signal 

by a factor of 2.

• The expected accuracy of the measurement at the ILC is

I thank T.Tanabe, R.Yonamine, 

K.Fujii,T.Price, N.Watson,

H.Tabassam, V.Martin, P.Roloff, 

J.Strub, for providing their results 

shown in this talk.
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SiD detector: 
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